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Abstract of EP0775721 
This invention relates to a reinforced closed- 
section structural-member structure making use 
of a heat-foamable filling reinforcement. The 
structure has been formed by connecting plural 
closed-section structural members (11-15) 
together. These closed-section structural 
members (11-15) are internally filled with a heat- 
foamed filling reinforcement (1) which comprises 
an epoxy resin material, a synthetic rubber 



FIG. I 
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material, a synthetic rubber malerial and i 

a comprises 30-45 wL%S the epo^ Zto 

15 wL% of the synthetic rubber malerial. 5-1S wL% ol 

the thermoplastic resin material and further, 40-50 wt.* 




re determined as 35 modilisd styrene products, acrylic acid, modified acrylic 
r „ , . ^ products, polyamides and the like. Organic bentonite, 
Rrst-coricermng the epoxy resin material. Hs low colloidal silica or the like has conventionally be used 
proporlron leads to interior rigidity, durability and sow Use ol these comentional materials results in a low Mis- 
sion. At least Z5 wl* Is therefore needed. Its high pro- cosily and easy escape of at a NgMemperature time, 
portion, on theother hand, leads to a problem in cost. « thereby tailing to obtain a product of a high ex 
so mat the upper Irr* is set at 40 wt% or so. ratio. 



proportion poses a problem in tormabjfty so that at least 
5 wl% is needed. Its high proportion, on the other hand, 
leads to a higher hardness, so thai the upper limn is set « 
at1Swt .1t or so. 




» — — .. a proportion of 5-15 wt% 

utar wergnt and melting point of the ream. The optimal 
Sc resin, so proportion ranges from S to 10 «*%. An unduly large 



Despite the form ol the epoxy resin at 1 
afure (liquid to solid), it takes the form of a liquid having 
a low viscosity at high lemperatures of 160-2SCC so 
that it cannot hold decomposition gas of the foaming above, 
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lion, with respect to the efficiency ot energy absorption, FK3. 1 . A noise insulation test was conducted by meas- 

berter results were also obtained than those obtained wing a noise level at a point B by a microphone in FIG. 

from the specimen with the conventional toamable 2. 

mate ' ia, ',. t _,. „ .. First as a result of an inboard, static load bending 

„^,fnL^Z^r^ flUS * 0 '' !rMleOnPO - S 

nenl will next be described. much as about 1 4% was observed over the center pillar 

Using a camecSng component between a roof raH not filled with the toamable material A rise in load on a 

£IT ^^^■^^ityofare^. toad^emen. curve was steep, that is. the dis- 

«on in the thickness of a panel, a filing range of the placement at the time of the peal load was as much as 



id by 7 to 8 dB on average in a fre- 
— te and higher, thereby 
Ss (see FK3. 14). 

« rigidity and by ae 'much as 3.7 times m 



d "fr" lmp,OVed * " ****** or heat-foamed fining reinforcements 
1 ^ 0U L 8 J™!;. S^tanual «<*«nta 9 « «. according to the present invention, 
theretore brought about by filling the foam. This can be Accordingly, the following matters can be men- 
considered to be attributable to effects of the thickness tinned. 

that the cross-sectional shape was convex in an out- is In each Example, the rigidity of the closed-section 

b^irect^inb^meroofrailandthecenterpiflar. struc^rewessuccessfuHyirn^edowingtotheuseof 

Further, the percent improvement of the rigidity of the the heat-foamable filling reinforcement 1. This makes It 

ol substantially smaller possible to achieve a weight reduction through a reduc- 



and weight and is considered to be 
condition tor practical adoption. 

r^*ma?" d ^lfv2^^ be ^ ea ^ qi ^ ""^ 

By applying the heat-foamable 
merits 1 according to the present in> 



CAPABILITY OF EXPLOITATION IN INDUSTRY 

According to the present invention, substantial 



he connecting portion between the center pillar 12 and twisting rigidity and also improvements I 
He roof rail 14 and also In the front pillar 1 1 . Namely, in absor " 



dosed-secBon structural members 11-15, the heat- 



in structural- 
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VEHICLE WITH FOAMED MATERIAL 



VEHICLE WITHOUT FOAMED MATERIAL 
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Components of Developed Material 
and objectives of Their Addition 



Material 


Weight 
percentage 
(wt.%) 


Objective 

of 
addition 


Epoxy resin 


35 


High rigidity, 
high durability, 
high adhesion 


Synthetic rubber 


8 


Formability 


Thermoplastic 
elastomer 


6 


Adjustment of 
melt viscosity 


Foaming agent 


2 


Foaming 


Curing agent, 
curing accelerator 


3 


Crossiinlcing of 
epoxy resin 


Carbon black 


2 


Reinforcement 
Coloring 


Filler 


44 


Shape retention 


Total 


100 





FIG. 16 



Compositions and Principal Physical Properties 





Ex. 1 


Ex. 2 




Ex? P 2 


Epoxy resin (wt.%) 


35 








Modified nbr (wt.%) 


8 






8 


SBR-1502 (Wt.%) 






8 




Modified styrene (wt.%) 


7 


6 


7 




Organic bentonite 

(wt.%) 








7 


Foaming agent (wt.%) 


2 


2 


2 




Curing agent (wt.%) 


3 


3 


3 


3 


Calcium carbonate 

(wt.%) 


45 


44 


45 


45 












Expansion ratio (%) 


350 


330 


100 


150 


Sags (sua) 


15 


15 


15 


20 


Greased surface 
adhesion 


A 


A 


C 


A 



A: good, C: unacceptably poor. 
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Compositions and Principal Physical Properties 





Comp. 
EX. 3 


Comp. 
Ex. 4 


Comp. 
EX. 5 


Comp. 
EX. 6 


Epoxy resin (wt.t) 


35 


35 


35 


35 


Modified NBR (wt.t) 


25 


8 


8 


2 


SBR-1502 (wt.t) 










Modified styrene (wt.t) 


7 


20 


2 


7 


organic bentonite 

(wt.t) 










Foaming agent (wt.t) 




2 


2 


2 


Curing agent (wt.t) 


3 


3 


3 


3 


Calcium carbonate 

(wt.t) 


25 


32 


50 


50 












Expansion ratio (t) 


200 


270 


360 


250 


Sags (mm) 


25 


10 


65 


25 


Greased surface 
adhesion 


B 


C 


A 


A 



As good, B: somewhat inferior, C: unacceptably poor. 
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Compositions and Principal Physical Properties 



CO 


m^^g-^^Materials 
Physical propertied — 


Developed 
Material 


Mat°ei?ial 


Material 


| Composition, t 


Rubber-modified epoxy resin 


35 


30 


35 


Plasticizer 


0 


3 


5 


High-compatibility rubber 


8 






General-purpose synthetic 
rubber 




16 


15 


Thermoplastic elastomer 


7 


7 


2 


Filler 


- 45 


40 


. 35 


Others 


5 


4 


8 




Expansion ratio (*) 


280 


100 


250 


Modulus of flexural .„ . 
elasticity < M P a > 


550 


100 


80 


Saggs (mm) 


15 


15 


60 



* PPP: Principal Physical Properties 
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Principal Physical Properties of Developed Material 













Tested properties 


Developed 
Material 


Current expand- 
able filling 
material 




Specific 


Before baking 




Li^ 


it 


gravity ia c 


After baking 


o~7o~ 




Ash content t 




22.8 


16.1 




Water . 
absorption 


20 *C H|0 


3.0 


5.7 


propel 
cunn< 


post-water- 
absorption * 
restorability 


20'C H 2 0 

X 48 hr 


2.7 


1.3 


after 


Flexural u _, 
strength MPa 


Under 20 "C 
atmosphere 


1.7 






Compression 
strength MPa 


Under 20"C 
atmosphere 


1.3 


_ 




Adhesive 
strength "™ 


Under 20*C 
atmosphere 


2.7 


0.03 






20' x 3 hr 


3 




ertie 




After 
80" X 336 hr 


6 






resistance 
(times) 


After 50- , 
95% x 336 hr 








After 
5 heat cycles 


6 








After 40 -c 
H 2 0 x 336 hr 








Corrosion 
resistance 


After 48 dry/ 
wet cycles 


NO 
rusting 


No rusting 
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1 Foamed material J 


No 
problem 




No problem 


No problem 


No problem 


No problem 


006-008 


No problem 


Developed 
material 


No 
problem 


f 


No 

problem j 


No 
problem 


1 


No 
problem 


250-300 


No 
problem 


1 


m separation. 
: falling 






ll 


1 


1 




unpleasant 


Requireme 


Should be free fro 
displacement oi 


\ £150% 




Should be fre 
fouling of soli 


i 
1 

! 

j 


Should be free fr 
or sagged te 


Al 


Should be free of 
or irritating 


8 


edness on 
sed surface 


je stability 


I tendency of 
sing solution 


r tendency of 
:al solution 


1 tendency of 
sposition soln. 


$s> 
ll 


>< 
1 




Tested c 
T~ 


s i 


I 


II 


51 
«« 


| Fouling 
electrodi 


P 


I 


1 




6UTPT3H 
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